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imm^] mm 

DTK03-001 
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imMmmf.] 15 

[^^1 fAULj fOPt 
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l^^^iHi##] 014395 

mn±m] 2i,ooor 

im^^] m® 1 
mi^^] m^'om i 
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[it^]S2] BiifB^m#^«±^ (Ti) . ^y^)V (Ta) . 

^•^A (Zr) . iaiU^"^ >^-Xt-> (W) -b-htahn^^'mi^i^fz-m^^ 

^■t^mrisiim/-^'; TS^WL, /i>-o, (cu) . r)\^\-^-u (ad . ^ 

X.Xf7sX (Sn) 75^^4^^#j: f^ji^^tiTt-fl^i^^iil-^^ii^^Jlfitti- 
tfrfS2i«#:co^Hsij<7)fiij®^Sv^ Jtifm^7)^^3. 8S-e^^^2 (oife^tgit, 

[tt^:^4 3 mt^MMmi. m (Cu) . T;v^-'>A (A i ) . isXlf 
7.x (Sn) TJ/^e^-'l.^ct f)iilR^ti7t:-fl^;t1-'2)C<h^#mt-raif^]g3 

[w^:^6 3 mt^mmm^mmmt. ^y^^xj-y (w) -xz^h^^h^m 
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^ — V : 



im^m 7 ] mum 2 (Dmwm^i. m$^m 1 (Dmmm(D±.m ii>m^\ 

T^mitfzits tm(^^mmmo 

umm. 1 0] mtmmm'. mt^m 1 <7y^mm<^^mm^m^ >; ^^'t't 

tCf^^ ^ n T V ^ ^ ^ t ^ J|f m t -f- a iff ^Ji 1 ^ {i 3 f e«<7) #^f*:^go 

13 m)fa^2 OlfeSMti. S i O. S i N. SiC.i^J;0^'S 

^3. 8m<7)m2<Dmmimf&-t^m5(Dj:mt^ 
mum 5 <7)x#<7)t^tcMfs iyyy-thm^ <dtm t 
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#0 2 0 0 3- 0 8 8 9 0 7 ^- v : 3/ 

>'>^'7'r J: ^ tcfilS^l o#feltM^«iii-'i>iS^fMi-'2>^3<7) 

i§«ip3. 8®<^)^2<^^*tM^ffM-t-'E>^6(7)Xei:. 
HufE^ 6 OXflOf^tCHufS-^ J=-^^ ^ > ^*-r -5 H 7 OXfS 

[0 0 0 1 1 
[0 0 0 2 1 

-f^m\z. 43 tt a e ^^ItMffiiJ® ^ V - L T -eojf * f6]±i- ^ito 
[0 0 0 31 
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#^2 000-27746 5-^l>^ 
[0 0 0 4 3 

mmmm lxo t-t^ mm} 

*f$0tit;f±> @Eir.<^;ivt-m^^T;i/^ -•^7 A (A 1 ) :^-hm (Cxi) ^mr^nx^^ 
. $>^\^-u^mm.^i:^t^s i o 2^'^iic^tir:bi&itmmmm (low-k^) 

[0 0 0 53 

o ^(D^M. m^zmf^mmmtLx±M<^^nti:mtmmj^mmtm^fi^^h 

Ltzn. h^\^^mm^(r>mm^m.^^mwi-rhfj:t'Lxnhfi^o m^'W.<r> 
i^mt. mx.mm^^mwit (--K-^x^b) -r^ciiim: ^j^^^ti, 

[0 0 0 63 
[0 0 0 73 

mw:^F-mi^^mmtLX(Dmm^i^^it^-^^zt:^^mx.hK^o -t-4^^*>. 
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# SI 2 0 0 3 -0 8 8 9 0 7 ^- v ! 5/ 

[0 0 0 8] 

[0 0 0 9] 
[0 0 10] 

imm ^ nm-r hfz^(D^m 

[0 0 11] 

[0 0 12] 
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2 0 0 3 -0 8 8 9 0 7 v : 6/ 

[0 0 1 33 

h y ^'yyfyAy (D{}.-t£ < <!: ^ w. yyv^^y =^ i*i^-r ^ 

m%^'^^^^\zio{'^hm^r4 iyy 4 y(D^pt£< tiy^^s^Mi^-c. 
4'yyy^4 y^n^-n>^n \.zmuw> 1 <^*felt))i^s:iii-^jt*ffM-t^^3 

[0 0 143 
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[0 0 153 
[0 0 163 

02M(SiOFM:/c = 3. 4-3. 7). Wtiv'J {k^2. 5-3. 

0) . MSQfli (methyl silsesquioxaneM : k = 2. 7-3. 0. #?LKjb-r 
^C<h{Cj;t)/c = 2. 0-2. 5) . HSQM (hydrogen si Isesquioxane M I 
a: = 3. 5-3. 8, ^^imt-r^ZtiZXy) K = 2. 2) . PA EM (polyar 
ylether M : = 2 . 7-2. 9 , ^^LRfbi" ^ - ,h tlJ: ^5 /c = 2 . 0-2. 2 
) , PTFEfli (polytetraf luoroethyleneM : k = 2. 1) 4» <i:-75^^ab 'i) o 
<^tc. filx-fi^ y^Ti^^'K-y^tt/iS i O 2M<7)-^'>i^*^(i^^j4 0 GP a tJt^ 

[0 0 173 

^-t^\ mtmMtLx<D^^iSi^mmi<zii\^^xii. mummmi. (t 

1) , ^y-}^)]^ (Ta) . (Zr) , «t D^'^ > x > (W) tJ^ 
u) , t;v^-'^a (A 1 ) . isxz/7.X (Sn) Tj^ib^^^cfc i9 7i^$tL/c— 
[0 0 183 
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# M 2003-088907 ^- v : 8/ 

[0 0 193 

i- 4^ ^ ^ . < ti> mfmj&xm i (Dmmm<Dmm:^mmm^ 

t>fz^XMm^i±2^W.it-:^mf^^tiX^^^<DX\ ^<7)»jgl!fett053\ v-;H4co 

[00203 

>i--c\ mmnmtLxii. mt^mnmt. ^ (cu) . t;wa-'^a (ai 

) . ioX,xf7.X (Sn) i)^h^£h^X^mU'^^fz-'mi^ir:ho 
[00213 

[00223 

mm^mmt t l xixm^ ^j:i,<Dx$)^o 

[0 0 2 33 

^hiz^ ±m<7)-'mmizi^^^^m^mw:i^xmmmmiz^^^^mi^mw:xii 
. ^mLxi^:kr<7ymmmmt'r^zt:d^x^^o 

[0 0 2 43 

mmBMtLx<D^^mi^mm:i<zi^\,^x^ mum2<Dm^mii. mifi 
m 1 (D^mm<7)±mi i>m^\ mum 1 (Dmmm(D±mizisLW:-r^mmm 2 (Dm 
mm^MmL risit h ntzmmi^^-^ ^-y^^h lt ^> i v^o ^1 

m(D±mi^ziiu-r ^m 2 <Dmmm^MmLxmx.ii^^ y vmm^f^'m-r^i><Dx 

[0 0 2 53 
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^^'f&-t^Zt'X:'\^^t>^^i7'-V')yV (guard ring) t^t ^ Z t iiX' ^ -^tL 
[0 0 2 61 

[0 0 2 7] 

tfz. mmPSMtLx. mmmmmK mumi<Dm%m<^-^mmkm^')y 

^'mzf^f&^tixi, x\.^o ') y vmzMj^^ ti^ z tx ^ h {ziMm^^i:\^±ir i> 

Zt:^^X^^o 

[0 0 2 8] 

tfz. mmmmt lt. mmm2<Dm^mii. s i o. sin. s i ax 

z/s i cN:^-h^j:^nx ^miR^nfz-'m.tir:^zt:^^x^^o ^mmm^^^s. 

8@cOi(7)t LXiXM^^J:ii<^X$)^o 
[0 0 2 9] 

tfz. ^^m<7)-mmiz^^^^mi^mm(7)m^:fj'mzxtn£. ^le-s^iif^ 

^^^mi^^m^mmx^^o x^x. mmm^(7y7K<Dmxi^ni>zm]tLmmii 
\^±i>ziim^j:^FmiP^m<Dmmijmmmx ^ 

[0 0 3 0] 

tfz. ^^mm\\<Dmmi<^m^^mii^mm(7)mmijmzxfiif. ±mm'7)mm. 

i^z^^^mipmm^m^x^^o x-ox. mmi<zm^m^<D7K(Dmxi:^W]i^z^-^ 

[0 0 3 1] 

zfif:><7ym^y:f^<7)mmmmtLxii. mumi. m2. isxam3<Dxm ( 

it<7)jrf^) mWLmm^M^ti^xdi^Lxi,x^^o z(Dm^i§:Li^zxy)^m 
(7) mm. k^j^-t^zt i)^x § :h o 
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^-v: 10/ 



[0 0 3 2] 

mi 4^v^Liii3<7)^iii-c(i (a) . (b) (Drnj^nm^mnir ^ o 

[0 0 3 3] 

t-r\ mi (a) izTT^-rm^^Mf^-r^o j^^^mm<^^mi^mk i o±^z it 
mmm^^s. 8m(Dm^mi Hf&mL. ^hK^(D±{zmmo. 5/um(Ditm 
m^»jx.{f'2. 5<r>^mm (low-kM) 1 2 ^^mffscm-r^o 

Tv^^o ^Tt:. j:blfm^7!;^^3 . 8®(7)|6ltflil 1 )^*P<7):^/£H J: -j^^^;^^ 

[0 0 3 4] 

1 7#ifico(2j^-r^ j: ^ 4^3gmf$l 5. 1 6 ^ffMi" -1)7^:^6 h ( 

m^-^-r) izn-r^') yy^y ^ -mzx^^'i^-^y^'tmmmi 2Kn-th 

RIE (reactive ion etching) S^ritffl LTfMI- -So LTffM ^ n/c»<7) 
ffliJMi5J:D^OT^#i6T^®tl^«/<';T)i (^?iJx.{i'TaN^Ta) 14 a. 1 

5a. 16a^> ^ h\,Z^(D±.i,ZC nMi ^fi^'fiMx.{tVV D (physical vap 
or deposition) ^{kX'WLWz't' 
[0 0 3 5] 

[0 0 3 6] 

^^/s-i;r@ 14a. 15a. 16a^CMP (chemical mechanical polishin 
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11/ 



g) -^m^L. rmi 4 a t\^u^smi^ im) 1 4 b^^^^^^^sem 
4. isxzfmm^<')rmi 5 a. i e a t\*i^mm^ (m) isb. lebT&^ib 

[0 0 3 7] 

^V^T. Mx.(iS i CNi^^h^j:^ h •yf/^')rmi 3 ^r^®fi^tcMx.(i'5 0 n 

^ ^-r -5> fifi-c {i . ±ii o^itm o v ^ -r r .-t^ - r?fl?LBf i^* ^ n 

^ o 

[0 0 3 8] 

'Xt;. [11 (b) tc^i-t#it^f:^)Si-^o tr. mi (a) ti^i-^^fjt;i!v> 

-c. mmi /u m<Di:tmmm:^m^i£ 2 . 5 <5oifeitm (low-km) 1 s ^^Mjj^m 

«a2 0<7)— L-C<7)lfT*fM-r'5>/cA6cOlf r4^-;i/ (^Jx.(«g0. 3 m 

) io J; i^r-r V > ^'U 1 7 #^5(7)11^1-^ J: -9 r^mMit- 2 1.22 ^ff^^i"^ 

o 

[0 0 3 9] 

R I E'/fet^MfflLTBEK-r^o Kit 2 0 d^^^^f^St^llI^i-^ J: d l^T 
[0 0 4 0] 

re (t^®{iM£{i'T a N^T a) 20a. 21a. 22a ^(bl<Z^(7)± 

izc um^^fi^^tim^i^pvDii^xmm'r^o ^ib\ 2»m#:2 1. 2 2^?fm 
<o z(Dmit^mmi 8i3j:o^> yy/^'; rmi 3 ^Kiii-^o 
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[0 0 4 1 3 

§2 0 a. 2 1a. 2 2 a ^ CM P ■^-eP:^* L . Sm^^" M T@ 2 0 a ^ I*lg|5iiK 
-ft: 2 0 b75-'?>4'^@eil2 0. i3J:CK*m^^"'; TS2 1 a. 2 2 a 

(^) 2 1b. 2 2 h:^^h^£^mmi$^2 1 . 2 2 -^H^i- ^ J: o tcff^gci"^ 
o fiv^r. 15!]x.(i'S i CliT^-h^d:^ h y ^V^U TM 1 9 ^^He^jtll^iJxJi" 5 0 n 

^ o 

[0 0 4 23 

mi (b) ^z^\^^x<7)i^:x±mmii. mm^^')rm2 4 a t\Hummi¥ m) 

2 Ahi)-h^£hW.n. {mm.it^^^-y) 2 4, T^2 5 a. 2 6 

a (i^) 2 5 b, 2 6 b tJ^^ 4^#«#:2 5 , 2 6 , 

2 SioiC/h -y^Vs '; rmi 9 tiou^T, ^n^ti, igm^^' 'J TiS 2 0 a t I*lg|5 
(^) 2 0 b7&^'b4^SB«^2 0, i^ctt/^m/s'j T^2 1 a, 2 2ai:rt 
(M) 2 1b. 2 2 b55-'b4'5)Sm#^2 1 , 2 2 , tc^feltHl 8 is 

Wi-^low-k60^ltlli^ 3)1 (Ife#mi2, 18, 2 3) f^^L/::y6^ IWj^H L 
X^h\z^m\t-t^^ti,X^^ (1?«x.{i:lt6ii4^v^L 1 1®) o 
[0 0 4 3] 

>k\z^ m2 (a) ic^i-i^H^J^'-f v>^*g|51 7H?t^^)PX • Bfigi-^o 

-ijJ^^tc, ^ltM2 3_Lt3ffM$n7t:7^ h l^i/X h 2 7 > ^'*-r'2>o 

-e-LT, Tt/t-^^^l^*-ti:-ri;^#M2 3, 18, 1 2 *Pt*T" i 

h?^T«W2 3, 18, 1 2 4^ t'^^ Ji- y ^ > ^I^Sf '2>o h 
{i1^flx.{f -7 -y^ (HF) ■^m^^^^ti)^X^Z>o C:«OJ^-;/^>^'HioV^Tlow-k 
<7)#fe^Ml 2 0Tt;'fiM-r^lfelt^l \.i>i^'ri}^Km^^iihZ.ti)^hZ>i3m^z 
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^-v: 13/ 



[0 0 4 41 

^Oiy^>^*{i, ^11)12 3. 18. 1 2 4^t-<7)'^ftoiy$m: t)^ 
R I E-^OJ:^4^ ^ j:--y^>^*t±fa'>-x-y h y ^ > ^ j^v^^lt ^ J: 

[0 0 4 5] 

J^y^yvm^TLfzh. ^k^z^ HI 2 (b) (CTj^-f J; ^ 0!lx.(i~TEOS ( 
r-h^J^^)]^t)]yV'>')^~h^^v^) J;^Jt^-m¥4 . 2(7)^mM2 8^^ 

il, E13 (a) tC7i^i-j:^U. Ife|;tfli2 8 (O— gr>^rff1?LL1?iJ^{i^T;i^ ^ --^ Aco 
K 2 9 (#«f$/^°^ - >) 2 4 tm^-t^ J: ^ {cff^fi5(;i--5)o ftf^t::. 

K2 9<7)^ ^(7)^i-g|5<!:<7)^^g|5fi^|^v^7t:^Bti1^JA{«blf«^4. 7 OS 

1 N;!>-«^4'^/N°-y v^- V 3 >M3 0 ^mf&ir^o ^^°■y v^- v 3 >M3 0 ii. 

r-r V > vu 1 7 <7)}t(7)iPjjMi3 ct i/mm ^ ^ Jtit ^ -ti:^ o 

[0 0 4 6] 

-ii^yvui nzms i«M$ti. ?»3 1 <7)i*igptc^-r v>^*^^ >DL75^'?¥ 

>DL-e^ilfLT#ig#:^-7-7°<h Li:^l9gtL. ^ ^) 
^ y -7°^^ ij X. (i^i^' > -r* > 7 ^ -e^i^flS t S^^M L ^ x. T'/n" -y - v > ^ 

[0 0 4 7] 

x.xf^y'ft LX(D^j^-^£< tiimm^z}i\^^ry^i^yy^i 7 (Dmmiz^mi^2 

5. 2 6^j:t'<7)mi:mm.LriS< ZtX\ « = 3. 8 J^TO^^j^ 1 2 . 18. 

2 3t3:fol/^T^i:^i-l/^y^ v>^*B^<7)^^^y^^|5:^C^^:;^)J-e^^o # 
m# 2 5. 2 6 ^ t'<7)M{3 ct . y v^- V 3 3 0 ^ ^ y i^^X-^tzm 
-a-e 4> . 2 . 18. 2 3 ct I9?^v^^m#:2 5. 2 6 4^ t^<^^t; ct 0 
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o 

[0 0 4 8J 

x^mPf^ y y°<^p^wzyi^:^mx-r^ zti>^ mm$-2 5 . 2 6 4- t<Dmmi]± 

. 2 6 a 4' t'i)-h^£ 19 imi!b14^^i-^o 2 5 a , 2 6 a (i, tu^ZE 

<7:>i n II. 1^!lx.(i'T a ^Sr <!:-<7)ifti4.a;co^ ^ ^w^dtL^^^i"^ T a N7i>^^4--5o 
CtL^<7)#TOK{i, C u^A 1 Oct ^ ^-Se^ao^fiK^^ LT^ffl^ti^faSl^r 

[0 0 4 93 

LfcTj^^oT, (nn->>-3>) m:i9#m#:2 5. 2 6 4^ i:-~7&^^v-;l-1tflg 

^K^i-^i-e(7)Bfp^(±^i|iS(Z^;ft$in^o ctoT. Ife^mi2. 18, 2 3^ 

(i, ^ t;. #m#2 5. 2 6 4^ <i:iz J; ^^^#igf»^ 1 0 'j > 

i: . 1 4 , 2 0. 2 4 4> t^'<7)^l!b;6^^l§^ L'etOfS:^::^ - ^ v a - h 

[0 0 5 03 

^<7)tz, #m#^2 5. 2 6^j:t'^J:.y^>-^^.^-r^izm£^j:^^ZtiZ^mLX 
v^^o t-^S:^*?. ?#3 1 ^ffM-r'2);'ca6^m#^2 5. 2 6 ii'^^J^ -y ^> 

>fli 3 0 C7) ^ ^ -y ^ 7^ i o T|^»(7)7jC;6^^«:A L T ^ WS^ t L;^l!fe7&^^l& 
[0 0 5 13 
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^-v: 15/ 



iJV^T, ^ 1 (0#feltM-e*)^#feltm (low-kM) 12, 18, 23 :/}'^'J^^f^ < t ii 

#Sf*^-;'7°coizgpil#i5-e-i»«f$i 5. 21. 25 (I6. 22. 26) , ^fb 

-e, i&iti%-nm'ch^mKm 2, is, 2 ST^^^i^if $n^o 

[0 0 5 23 

t fz. r ^ V > ^rcO/i*:)<7)^ 3 1 ^mf&ir^fzi^<Dsc y^y ^'MM:^^mm 1 
2, 18, 2 3 ^:^:'E>C0T% ^S^J^-vf->iJ'*-t<5> J: ^^^1475^JS< , Z(Dj^M 

m^^^^-r^ mmm:^^' ^ h \z.mM ^ n, x. tfif $ -e 1 0 ^ mfi«<7) e s 4^ l 
1 omt-^^^mit^tifzm^^-^tmi\iz^j:;ho m^x. 5. 2 e^^i:- 

ICttt :a7t:«m 2 3, 18, 124- t-Oa^ y ^ > ^'-{i, Smf$ 2 5. 2 6 ^£t: 

^mm Lx&umij\^^<D-ir^ y^y yimm tn^mmi^zLfz zti^zx^ 

[0 0 5 33 

[14 {i, ±lgOJ: ^ ^;L-CM$nfc###:'^J:-^^<7)^^atJ4-±®ll (-1^11) 
-e^b^o 1114 tiiDV^Ti-trtimH^LfjgPfi<!:|Wl— i=i^<Og|5|5ti{i|Wl— #-^^#L 
^ ^2) o 

[0 0 5 43 

0 4 HB^Jg^l-J: ^ tc, j#3 1 I*Ig|5tc^'-r >D L75^^#l£L, v 

:^[S]tC3^«3t<7)^l|#:2 5, 2 6^j:t'-/}^^^-r^o 4^*3. #^#^-y7°tLT 
<0|ZgpSi5< tl?&oT(7)^^m#:2 5, 2 6 4 ^^I5lt/i<7){i, ff^;|;^fi1j#147&-ib# 
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^-v: 16/ 



[0 0 5 51 

LXhho :z<Dmxit. *+S®^t:^l^]tC3eitii<7)Sm#:2 5. 2 6 '5r^:^"{±'fli^ 

<Di^mVf^ yy°^z^L'} y ^'-mzMm^^i^x^^ho ^(^^ i^^i.zirh^tx^h[z 
[0 0 5 6] 

^^^tc low-k<7) Ifeltm* I imt L7t4><7)^iJi^f$^>a:./^^ L-CMiiLTvin 

^ ^ V > i^' L . ^ i9 m ^ *i y y 7 ^ - ^-t^~ > -r- ^ > ^* ^ 4- V ^ / N° 

mmw^£ t^ij^^-t h m^x ^ . \o^-k(Dm.m.mzmmwi\-'^ ^^y^ta t(D r 
^-v{t^hfi^£i)-^fzo tfz. io^-k<D^mm<7)ri<zitLmir:h}tmmm3. s 

m(Dm^m(D ^ -tb . i^y^-^zx ^^mi^^ -yy°<^nmi^zmiii^^mtnz>bm 

t!l/6^^n^ ^"7 y ^^j: t'<D - v 6 ti4-5i>-o /io 

[0 0 5 7 J 

^hliZ^ ^^••j'^-VyVcD'ikl 5 OroffltX^i^ (TCT : temperature cycl 
e test) ^50 O^m^ffti^^K -eof^tc 1 0 0^. 10 0 % R H<7)i^?li,t.^^ 1 
0 OB#r^tf 4'o/;o -<7)^J^t^<7)/N°y^->/=^^JPL;t:;6^ low-k<7)|felt!iiH ^ 

[0 0 5 83 

]^X±.(Dmmx\i. 15. 21. 25 (16. 22. 26) <7)|iit 

tLX. m^M.^i)^C u . (^m^<'; rg) tJ^T a t fc(±T a N t^j:^m 

^m^fX\^^^i)K [*I^^m#:^A 1 n. ^Wl^T i . Z r. Wtfcti^tt^ 

^^tj^^#^ L < (ift-g-t/t-r^ ct d u LT^ ctv^o tfz^ '^mm2 saxxf/-^ 

y'y^-i^B >M3 Oti. ^tL^tL. TE0SlCct<2>m (S i OM) S i N)^ 
t Lfz:dK ^tiJ^^fH^ S i O. S i N. S i C. Si C N ^5: illl^iR L 
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[0 0 5 93 

^kK. jrt^Mt^ov^rai-^^o me {i»fffitf)55c^^l-j: ^ 113 (b 
) itZ7rs-rm^:^^hm3 1 jsctt/jgsfl^i 5. le. 21. 22, 25. 2 e^m. 

8. 2 3 'bt^^/i'fbLTft 1 ieco^<7)^ tfJo 
[0 0 6 03 

-V - ^1^' > 7- > ^' $ ti Mp;f ^ f tfli -ett iL-T Pl^ (?) f a ^ ^ -efl^tij t^^t^^^^ 

[0 0 6 13 

^h\z^ m<Dim.m tLx^ ±Mitmm t wim^mmw 25. 2 e 4- ^ic i ^ 

^<7);^v^^tfig;-e. ^^Ml 2. 18. 2 S^-t'T^sfti l^O^^m-tiov^T. ^-T 

i^yy^i 7 izm^f^^f^Lxv^ i^y^'-^mBit^fi^mM^z-r^^^^^f<>fz 

„ 7 {C^i-J; -7 tc, /n° ^ > tifc "7 ^ h Ixv^ h 2 7 

iJ'.iiLT. •7;W:tn*-.i^'> (CF) ^.i^'>^^i^m-r^ J^y^yV^zx-:^ 
T^^M12. 18. 2 3^j:tizmmi&^ff^j:^\ ^cO^^ ^ v>!. h 2 7 * 
m^Lfz^^r\ 1213 (b) tl^LTtrJ;^ >^^mM2 8. /n- -y v^- v a »]i 3 

*^S1-^(7)H3 0:^;ii-5^-*)^^tt<5:Miiin>; MiPpISt&^^^o fco 
[0 0 6 23 

tfz. ^J^y hX:r.y^yy^mLX^fz-^\ r4i^>VUl7-^^hmUmm 

xm^m:^'j^y^>^'^tLXLt'ofzo tfz. ^<Dmii^^m<?y^mm<7)wmHi5: 
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[0 0 6 3] 
[0 0 6 4 J 

■tZ>mMi^^-t^o ^(Ommn^M^zio^^^Xif- >i5''i: LrcT^HT >^"3 2 
. 3 3 X 3 4 (i. H 3 L/c^Mf^li<7)K#g 1 4. 2 0. 2 4 ^igmft: 1 5 . 

2 1. 2 5 ^ffM-r'6I@i:|Bli:xem: i^ffMTl^^o i-'^^*>. ifTU^iX 

3 2. 3 3. 3 4(i. ^in^^fi\HU^nW3 2 h . 3 3 b. 3 4 b <!:^m^<'; T 
^32a. 33a. 3 4 a <h ib 4^ o Ti3 «9 . /^^om^colft® icSil<7):^fpIU5i 

[0 0 6 5] 

EI 9 {i. in 8 J: d tifM^nfc^S'ft^'^ J^^^<7)±M^^i^6^J^z^i-(l|-e 

^;e>o [i9tciou^-r. '^x\zmm\^fzm-^t^-'m^<DU\i.\z\tn—^^^-^i-^h 

Xhho y yc7)|ZgPS(7).;^lC*«#:2 5 (2 6) 

T'cJ^-^t^. ^ ^H'€-<7)|*lg|5tr. K'; LTOlfT'; >^*3 4 (3 2 . 3 

3) ^l£lt'l)J;^lCLTV^^o ^<7) J: ^ J^^^m;tL(^lf TU >i5'*3 4 (3 2. 

3 3) tict f)^c7)i^g[5-^(7)7KcoaAP^lh5C^J:^{i$'b{ii^< 4^^o K'; 

[0 0 6 6] 

^^c. ^l§B^<7)?^tcsij<7)|iiif^^tc#;?>4^##:^eco^ii:^S^Ili o^v^ 

ktm^mt\zmm\iZfj:^x^^ ^ ^h\zmio^j:^^Lmi2<D^mxa (a) . 
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[0 0 6 73 

t-r\ mio (a) ti^-tM^ffM-t^o mi (a) K7jxLfzm^t<Dm^^ 

7^l*I^i-^J:^H. 1 5 A b <h'^m/s'; 1 5 A 

a tTj-^^: 1 5 A^BJ?£i-^^ <hT'^;E>o 1 5 A. 

5Ab. *5 J:0^"2*m/s-'; 1 5 A a (i. HI (a) tc^ L/iltittcisv^T. C 

n^?T^-^4^<7)A7:>?^v^^<7)ti^;fi<7)t-tK75»^^>^'5>o J':j.tiii 1 0 (b) x^mm^ti 

^W-^^ TAJ T^^^^Sn^^Oi. ^nrtimi (b) t;^L7t:1SiStii;5U^T# 
[0 0 6 83 

mm^ammi^ 4 n±. 1 0 ±i;ffM ^ ^kt^c > ^ > v x ^--^o^ 

(El^-iir-r) <!:<7)r7 > ^ ^ h<7)/za6<7)^m#-e^<i)o ^<7)^mf^4 1 OffMfi 
. )^^<7):^Vi^ffl<^^T^f d >r ,i:7i)^^-e^^o i-^-^^. IfelMl Hza> 

9^ h'-^-;^^«L. ffM^n/::^? >^ ^ h -i^- turtle '^!l;t(j:T i N/i/^fb^Sr^ 
T^^^flx.{i"PVDvi-ef^^L> ^^ICCVD (chemical vapor depos 
ition) -mzX J9W^^MLT3>^i? h ^-^-;H*l*aa63itf CI ^ J: 
[0 0 6 93 

»i^l!bt4#«f*4 2 {i. ^<D^isbhim.tLxmn.iffl 5 AO{it2r;&MTtcf£ 

s-r^ct ^ ici^^$tL^56^ -e<7)f^fiS(::^vi{i±fE<7)^m#4 1 tmm\.zmm\izf^ 

nZbij^X^ho ^i3. iiia-i^lib14^«#:4 2 0i|ii{±. 1 5 A J: < T 

[0 0 7 03 

(HIO (b) H:^-ri»ii*f^fiK-t-'l)o mi (b) li^-flfjt ^ <7)^v^{i 
[*|*[5Sm#2 1 A b tmn,^<') T« 2 1 a a ti)-hts:^mn.^2 1 A^Mi-'S) 
m^^VTg2 5 Aa t:*-^=S:^i*m#2 5 A ^fMi"^ C <b T'^^o C<7)||«^ 
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mr-i>. iow-k<7)ifeMM*3^ immi2. is. 23) ff^-t^^wic, iwi 
[0 0 7 1 3 

o -etr. I*lgr>#«#^ 2 5 A b . 2 lAb. 1 5Ab m) ^Pt*-r^f?!lx(f H 
2 O 2 -J:: H C 1 <7)yS'^fft'>a^ -y h ?ft tzj: ^ i y > <!: , ifm^^^'J Til 2 5 A a 
. 2 1Aa, I b A3iimi:'^^C \^.(Dif^\ZX.^V^ ^ :^y^>Vt^^-K 

ho ^^-e2*m#2 5 A. 2 1 A. 1 5 A<7)jr.-y -f-^^'ic^/joTti. it 

[0 0 7 23 

^i:t;^i-[lll 1 (b).E112 (a).BI12 (b) (lov^Tfi. -f-ti^-tL, 
'tX^\tZ%imLfzm2 (b) , 113 (a) . 113 (b) tminu^^^ho 
[0 0 7 33 

:^Xf^y'/tLX(D'J.-t^i t iimm[Zi6\^^X V ^ y ^'mi 7<7)MfltcS«#;2 
5 A^OM^fML-C4o< « = 3 . 8 i^TtO^ltlii 1 2 . 18. 2 3U 

5 A^cDMl^J: «9> v^-v3 >m3 Oli^^^ -y^^^^^^^Ao/j^-^T^Ei. 
Ml 2. 18. 2 3 ct ^)51v>SS#2 5 Al^c7)Mt;J: i9#SO@d#^2 4 . 2 0 . 

[0 0 7 43 

^i^il. ^2 0^#mt Lr(7)^#m2 8. v^-va >M3 0<7)il:T7i»^ 
A>^«#1 5 A<0i6Tt;^/;oTitiSli''l4S«#:4 2 T&^^^iti- ^ <h ;^)^^SiJ05c?j:^ 

mirT&xmmm2 8 <h^«i o t<D^Kn^vxw[mm^mmwA 2^^^^^ 
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^-v: 21/ 



o J:oT. ZiL^immt^n'^^i-^^itt, low-k(7)^ltM 1 2 . 18. 2 3 

mfm^\-^\o^-k(Dm^mi 2. is. 2 scouri^i^u m^i^Mmm^mmi^ 

[0 0 7 53 

tfz. >i(7) J: d L-cMji^nfc^^jg^-^ ji/N-e^, 1112 (b) C^-Tct^ 

r-rv>^^'g|51 7tC?t3 iTS^'ff^^tL. ?#3 1 <7)|*lg|SHr-r >D 

w-kco|fe|t!il 2 . 18. 2 3 i^li^gftLT 1 1 S L . EI 1 1 ( a ) 
^i-2»mf$:2 5 A^(7)J^y^>^-^tf4^^-rjt3 1 ^ffM L ^/i/^o ^ O ^ Jtfc 

10 0 7 63 

tfz^ mi 0 4«v^LIlll 2 i;^-r^Mffm-.-t?(i. ^yytLXW^^^^fz'^t 
E^t;i3V>T. ^ 1 <7)^|tM-e^^ low-k<7)^#!M 12. 18. 23 ^^{i^^^j: < t i> 

^mi^'f-yy''(Dmmn^xmmi^i 21 a. 2 5 a. ^hizm2(Dmmm 
x^^m^m2 8^/N°-7 v^- V 3 >M3 0 iora^tL^o-e. fajrhifm^ii 

-e^-l)|feltMl 2. 18. 2 3;^^^'{^ii$tLM^tt«0[B]_L^4^$tL^o 
[0 0 7 73 

m.mm izi,mw\ y t~<7) r - v ii# ^ *l ^ ^^^^ o o 

[0 0 7 83 
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[0 0 7 9] 

^ rtSIS^tt^l 5Ab. 2 1Ab> 25Ab{iC u<7)(575^tcA 1 ^ S n 4^ 
<!:-^ LT^ ctu^o =i^ib\ [*lg|5Smf*l 5 A b. 2 1Ab. 2 5 A b itE 

[0 0 8 03 

>k\,z^ ■^^^m<7^^h\zm<D mtMm \izgh^ ^mw^w ^ h 1 3 ^ # as l t 15^0^ 
^ <7)a5fi (± iwi -r^^-^ ^ # L -c ^ o i^^H^ ^ *^ffl&-r ^ o 

[0 0 8 1 3 

^(^mmfm^t. m\^j:^^'Lm3^m^^x%mLfzmmnm\izn\^x^ mio 

4>v^LllIl 3t3^L^j|IW^Si;*5(t^itEl!fe14^«#:4 K 4 2^ii*nLTli 
17<7)^^M2 3. 18. 1 2 ^-^-xy ^>ri^*i-^P^tI. 

$ ibtcllig tc^L/i<t ^ tcglj^tfr >i^*3 4^5rlSlt7K<7)«AP^lh 
[0 0 8 23 

J: ^ Mmi!fei4:6^^i&j« ^ tL. mm%^(^y^omximmzm±.umm\^\^±.\iZWM 
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[HI] 

[1112] 
[H31 

fit; 4- iff B -e^ i" -7° n -t in o 
[1114] 

mm i-m) o 

[HIS] 

MH (SUO^iJ) o 

[me] 

FiJ^^-t-^^fitJ^^ttffMlllo 
[117] 

ims] 

Ho 

[119] 
[010] 
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[mil] 

HI o<^MiiiT'^)oT. ^§tmmmmmifmjzm^^^Si^^m:<Dmm.iim'i: 
fist fi^ if ® -e^-r 7° n -t (Ho 
imi 2] 

[HIS] 

iO'"^mit-mm. i i-mm atmmms. sm) 12. is. 23- 

(low-k) 13. 1 9-h -yyV^-jTM 14. 20. 24-SeM 1 
5. 16. 21. 22. 25. 26. 15 A. 21 A. 2 5 A-^K# 15a 
. 16a. 21a. 22a. 25a. 26a. 15Aa. 21Aa. 25Aa — 
2*^/si;Tg 15b. 16b. 21b. 22b. 25b. 26b. 15Ab. 
2 1Ab. 2 5 A b -F^gpiimf* 1 7 — ^"^ v > ^"fP 2 7— ^^M^v^^h 

2 8 -m^m iitmmm s. sm) 29 y k 30 -y ->^- -> 3 > 

M 3 1-?t 3 2. 3 3, 3 4-lfT';>^ 32 a. 33 a. 3 4 a -^m 

riS 3 2 b . 3 3 b . 3 4 b -I^^^Wft: 4 1.42 -mm^i^mmi^ 
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.1 4a 1 4b 
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14a 14b 
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1 4a 1 4b 4 1 1 5Aa 1 5Ab 42 

V ^ ' V ^ , 

14 1 5A 

(a) 
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